Supplementary Figure S1: AFM and gel electrophoresis images of GO and gDNA.
Supplementary Methods

FTIR spectroscopy analysis
The synthesized products; GO, gDNA-GO, Pt nanoparticles/GO, and Pt n /gDNA-GO samples were characterized by means of FTIR spectroscopy ( Supplementary Fig. S2 ).
In all samples, a broad absorption peak ranging from 3600 to 3000 cm spectra of the Pt n /gDNA-GO composite, shows two bands centered at 1090 and 1222 cm -1 , respectively, which can be attributed to the symmetric and anti-symmetric stretching vibrations of the phosphate group, while the peak at 1408 cm −1 can be assigned to the deformation peak of the O-H groups 49, 50 . The band at 1566 cm -1 correspondeds to the C=C skeletal vibration of graphene sheets, which shows the GO sheets were successfully reduced using NaBH 4 .
UV-vis Analysis
UV-vis spectroscopy confirms the successful synthesis of gDNA and GO, as well as gDNA-GO, ( Supplementary Fig. S4 ). The UV-vis spectrum of GO exhibits two characteristic adsorption peaks, at 230 nm and 303 nm corresponding to the π → π* transitions of aromatic C-C bonds and the n → π* transitions of C=O bonds, respectively 51, 52 . The peak at 230 nm was red shifted to ~254 nm upon chemical reduction, which suggests restoration of the electronic conjugation within the GO sheets ( Supplementary Fig. S4 ) 53 . The characteristic adsorption peak of gDNA observed at ~256 nm is in agreement with previous reports 54 . In the case of gDNA-GO composites, the absorption peak appearing at ~260 nm is red shifted indicating that the gDNA firmly attaches to the surface of the GO sheets.
XPS and EDX analysis
The elemental composition and chemical bonding of the gDNA-GO, Pt nanoparticles/GO, and Pt n /gDNA-GO samples were analyzed using XPS. The XPS spectrum of the gDNA-GO composite shows a strong P 2s peak at 190 eV, which correspond to the phosphate backbone of gDNA ( Supplementary Fig. S8a ) 55 . The
gDNA-GO spectrum also shows a C 1s core level peak at 284.6 eV ( Supplementary Fig.   S8b ), a N 1s core level peak at ~399.1 eV (amide, amine, aromatic nitrogen, Supplementary Fig. S8c ), and an O 1s peak at 531.7 eV ( Supplementary Fig. S8d ). The Supplementary Fig. S10c ) is deconvoluted into two peaks with binding energies of 284.6 and 286.6 eV, corresponding to the C=C/C-C, and C-OH bonds, respectively. The XPS N 1s spectrum ( Supplementary Fig. S8d ) corresponds to the C=N bond with a binding energy of 400.5 eV, which is associated with the C=N bond 59 . Supplementary Fig. S11a shows the full survey XPS spectrum of the Pt n /gDNA-GO composite, with clearly defined Pt 4f, Pt 4d, C 1s, P 2s, N 1s and O 1s core-levels. As in the gDNA-GO spectra, the Si peaks are attributed to the analysis substrate. To gain insight into the surface composition of the Pt n /gDNA-GO composites, we conducted an HRXPS analysis for the Pt 4f, N 1s and C 1s core levels. The HRXPS spectra of the Pt 4f, C 1s and N 1s core levels are shown in Supplementary Figs. S11b-d, respectively. The XPS Pt4f spectrum can be deconvoluted into two peaks with the binding energies located at 71.4 and 74.7 eV ( Supplementary Fig. S11b ) which are assigned to Pt 4f 7/2 and Pt 4f 5/2 , respectively 60 .
The C 1s core level spectrum ( Supplementary Fig. S11c ) can be deconvoluted into five components with binding energies centered at 283.7, 284.6, 285.6, 286.6 and 287.4 eV, attributed to the C-C, C=C, C-N, C-O and C=O groups, respectively. The XPS N 1s spectrum can be deconvoluted into two peaks with binding energies of 399.6 and 400.8 eV ( Supplementary Fig. S11d ), which can be attributed to amide, amine, aromatic nitrogen groups and quaternary N. The HRXPS N 1s core level XPS spectrum is similar to that observed for the gDNA-GO composite ( Supplementary Fig. S8c ), however an increased N content in the Pt n /gDNA-GO composites is observed due to the incorporation of gDNA. The chemical compositions of the Pt n /gDNA-GO and Pt nanoparticles/GO composites were further characterized by energy dispersive X-ray (EDX) spectra. The Pt n /gDNA-GO composites and Pt nanoparticels/GO are composed mainly of carbon, oxygen, nitrogen and Pt atoms (Supplementary Figs. S12, S13, Supplementary tables S1 and S2), which is in agreement with the XPS data.
Isolation of genomic double stranded deoxyribonucleic acid (gDNA)
Pure genomic double stranded DNA (gDNA) was isolated from fully expanded mature The quality of the gDNA was determined by measuring its A 260/280 absorbance ratio, as well as electrophoresis (see Supplementary Fig. S1 ).
Preparation of graphene oxide
A detailed description of the synthesis process of graphene oxide (GO) has been reported elsewhere 63 . In a typical synthesis 2g of graphite powder was mixed with conc.
H 2 SO 4 (50 ml) and 2g NaNO 3 at 0°C. 6g (37.967 mmol) of KMnO 4 was slowly added to the flask while maintaining vigorous stirring and the temperature was kept below than 15°C.
The mixture was stirred at 35°C until it became pasty brownish, and it was then diluted using de-ionized (DI) water. 10 ml H 2 O 2 (30 wt. %) solution was slowly poured into the mixture, after which the color of the mixture changed to bright yellow. The mixture was centrifuged, wherafter the pellet was resuspended and washed with a 1:10 HCl aqueous solution in order to remove residual metal ions. The resulting precipitate was washed repeatedly with DI water until a neutral pH was observed. The GO used in the synthesis was obtained by drying the precipitate in a vacuum.
Sample preparation for physicochemical characterization
Raman and X-ray photoelectron spectroscopy (XPS) samples were prepared by coating a thin film of the sample on a silica wafer at room temperature. Fourier transform infrared (FTIR) samples were prepared by mixing a small amount of sample with potassium bromide powder, which is transparent to the incident IR radiation, and pressing into pellets in a die. Ultraviolet-visible (UV-vis) samples were prepared by dissolving gDNA, GO and gDNA-GO in DI water.
Electrochemical measurements
Electrochemical measurements were performed using a glassy carbon rotatingdisk electrode (Bio-Logic Science Instruments) connected to a VSP-Modular 2 Channels
Potentiostat/Galvanostat/EIS. A typical three-electrode configuration was employed, consisting of a modified glassy carbon electrode (3 mm in diameter) as the working electrode, Ag/AgCl (3 M NaCl) reference electrode and platinum wire as a counter electrode in 0.1 M HClO 4 . All potentials were converted to values with reference to a reversible hydrogen electrode. To perform the RHE conversion, the thermodynamic potential for the hydrogen electrode was needed. This potential was obtained using cyclic voltammetry. From cyclic sweeps at a sweep rate of 1 mV/s, the average of the two potentials at which the current crossed zero was taken to be the thermodynamic potential for the hydrogen electrode reaction.
Preparation of working electrodes
1 mg of catalyst was dispersed in a 1 ml DI water using sonication. 4μl of the dispersed sample solutions were then transferred onto the glassy carbon rotating-disk electrode with a geometric area of 0.0707 cm 2 . After evaporation of the water, the electrode was covered with 4 μl of 0.05 wt% Nafion solution. Finally, the electrodes were put in a vacuum oven for two days at 80 °C before measurement.
Loading amount of Pt is calculated by following method:
Concentration of catalysts x loading of catalysts on RDE x wt% of catalysts
In our case: 1mg x 4 μl x 20/100 x 1000 μl = 0.0008 mg
In respect of area, the amount of Pt = 0.0008/0.0707 = 0.011315 mg/cm 2 = 11.31 μg/cm 2
CV measurements
Cyclic voltammetry (CV) measurements were carried out under nitrogen in 0. 
where C is charge, I the current, E the potential, v the scan rate, and Q the charge in the Hupd adsorption/desorption area obtained after double-layer correction. Then, the specific EASA was calculated based on the following equation 64 :
where Q H is the charge for Hupd adsorption, m is the loading amount of metal, and q H is the charge required for monolayer adsorption of hydrogen on a Pt surface.
CO-stripping cyclic voltammetry
The 
where Q CO is the CO stripping charge (mC), [Pt] is the mass loading per unit area of the Pt catalyst, 0.420 mC/cm 2 corresponds to a monolayer of adsorbed CO and υ is the scan rate.
Calculation of electron-transfer rate, mass and specific activities
For the rotating-disk electrode experiments, all sample solutions were prepared by the same method as CV's. 4 μl solution (containing 1 mg/1mL catalyst) was loaded on a glassy carbon rotating disk electrode of 3 mm in diameter. The working electrode was scanned cathodically at a sweep rate of 10 mVs −1 with different rotating-disk electrode rotation rates: 400, 625, 900, 1225, and 1600 rpm. Koutecky-Levich (K-L) curves (J -1 vs.
w -1/2 ) for the catalyst samples were analyzed at different potentials ( Fig. 3b , Supplementary Figs. S16c, d) . The slopes of their best linear fit lines were used to evaluate the number of electrons transferred (n) on the basis of the K-L equation:
1/j =1/j k + 1/j d = 1/j k + 1/Bw 1/2 (S5) in which B=0.62nFACo 2 Do 2 2/3 /η 1/6 (S6)
where j is the experimentally obtained current, j k is the kinetic current, j d is the diffusion-limiting current, n is the number of electrons transferred, F is Faraday's constant (F = 96485.34 C/mol), A is the electrode's geometric area (A = 0.0707 cm 2 ), CO 2 is the O 2 concentration in the electrolyte (Co 2 =1.26 x 10 -3 mol/L), Do 2 is the diffusion coefficient of O 2 in the HClO 4 solution (Do 2 = 1.93 × 10 -5 cm 2 /s), and η is the viscosity of the electrolyte (η = 1.009 × 10 -2 cm 2 /s) 65 .
From supplementary eq. S5, the kinetic current was calculated based on the following equation 39 :
For each sample, the kinetic current was normalized to loading amount of metal and EASA to obtain mass and specific activities, respectively.
